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© A method of manufacturing a fibrous neriseihin 
of~fish~and~shellfish "comprising the steps of charging 
a raw material of fish and shellfish into an inlet of a 
two-shaft extruder having an outlet connected to a 
long cooling zone, kneeding, pressurizing and ther- 
mally fusing fish and shellfish material mainly com- 
posed of said charged fish and shellfish, extruding 
said thermally fused material from the outlet of said 
two-shaft extruder into said long cooling zone after 
tentatively collecting and holding said material for a 
moment at an area adjacent to said outlet of said 
two-shaft extruder, and gradually colling said ther- 
mally fused material in said cooling zone over the 
entire length thereof, thus obtaining a fibrous struc- 
ture with said fish and shellfish component algined 
into filaments extending in one direction. 
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Method and it's apparatus of manufacturing fibrous fish or shellfish "neriseihin" product 



PRIOR ART 



Among "neriseihin" products prepared from 
fish or shellfish paste meat such as surimi or s 
minched meat of fish , and shellfish are known as 
Japanese food kamaboko, chikuwa and fish meat 
sausage. These "neriseihin" or fish or shellfish 
paste meat products are extensively markedted as 
food. To product such "neriseihin", edible part of 10 
fish and shellfish is kneeded with salt, seasoning, 
suitable additives and flavoring agents to produce 
paste meat, i.e., surimi and this paste meat is 
subjected to molding and heating and setting pro- 
cesses, in sequence, thus forming a fish or shell- is 
fish paste meat product or neriseihin having an 
elastic structure. A feature of the "neriseihin" is 
that the setting of the paste meat produces a three- 
dimensionally net-work structure of protein or the 
like, thus providing a certain elasticity. Recently, a 20 
tendency toward the food taste is changing with 
westernization and americanisation and diversifica- 
tion of the living standards, and accordingly 
kamaboko. chikuwa, fish and shellfish sausage and 
other fish and shellfish "neriseihin" are improved to 25 
meet western and american requirements. How- 
ever, these products are not essentially improved. 
More specifically, even in improved neriseihin pro- 
ducts the net-work structure of protein remains as 
such and can not always saitsfy demands for west- 30 
ernization and americanisation and diversification of 
the diet. Further, for an enhancement of health it is 
demanded that the salt content is as low as possi- 
ble or zero. Nevertheless, for producing surimi 
from edible part of fish and shellfish it is necessary 35 
to add a comparatively large amount of salt so as . 
to provide a certain degree of viscosity, by melting 

a protein contained in the edible part by addition of 

salt. This salt addition is undesired, however, from 

the health standpoint. 40 

As example, Japanese Patent Publication 64- 
27 and Japanese Patent Disclosure 62-259565 dis- 
close using surimi of fish and shellfish as a raw 
material, subjecting it to cutting and kneeding with 
salt or other additives and flavoring agent and 45 
seasoning agents to obtain surimi, producing strip- 
like moldings of the surimi, heating and setting the 
moldings to obtain a neriseihin product, i.e., 
kamaboko, then length-wisely cutting the product 
with a knife or the like to obtain many filaments so 
and, then integrating these filaments by adding a 
binder of surimi to them and heating the integrated 
filaments using steam to produce neriseihin pro- 
cucts resembling scallop meat or king crab leg 
meat. These food products are obtained by me- 



chanically cutting "neriseihin" having usual 
kamaboko structure to form a fibrous structure like 
that of crab leg meat. Therefore, their appearance 
closely resembles natural scallop meat or king crab 
leg meat so that they can be hardly discriminated. 
However, although the individual filaments are thin 
and elongate, they retains a so-called kamaboko 
structure, i.e., a net-work structure, in which protein 
or the like is three-dimensionally coupled in a net 
like form. That is. their structure is essentially dif- 
ferent from the structure of natural scallop meat or 
king crab meat. In addition, the conventional 
"neriseihin" product having kamaboko structure 
contains a comparatively large amount of salt, 
which is undesired form the health standpoint. 

Japanese Patent Disclosure 63-68059 and Jap- 
anese Patent Disclosure 63-68060 disclose meth- 
ods of producing a fibrous neriseihin product con- 
sisting a bundle of sligned fibrous elements, con- 
taining protein or the like linearly orientated, in 
order to closely resemble the structure of crab leg 
or shiump with the structure of the neriseihin itself. 
These methods are developed by utilizing a con- 
ventional technique that a twin screw extruder is 
used for a kneeding step to prepare a bread paste 
raw material. In detail, fish or shellfish material 
such as surimi is mixed with additives and season- 
ing agents to obtain a sol material, which is then 
converted into a gel material by heating it or ad- 
justing to high viscosity. Thus-obtained gel material 
having high viscosity is then kneeded and ther- 
mally fused in a twin-screw extruder. The fused 
material is then extruded via an outlet of the lead- 
ing end of the extruder, thereby carrying out an 
aligned orientation of protein molecules or the like 
by making use of a shearing effect of the twin- 
screw extruder. Subsequently, each of the resultant 
alig ned f ilaments is separated by using water. 
Then, the separated aligned filaments are mixed 
with fish and shellfish surimi containing salt, and 
the resultant mixture is molded into a desired 
shape and then set, followed by boiling or heating, 
resulting in fibrous neriseihin product. The 
neriseihin which is obtained in this way, unlike the 
prior art kamaboko structure, has a structure, in 
which filaments having protein molecules aligned in 
a direction are randomly, coupled together and intg- 
rated. This structure resembles the structure of 
natural crab or shrimp meat and fits the aim of 
westernization, americanisation, or diversification of 
living standards to a certain extent. These method 
utilizes the conventional technique that a twin- 
screw extruder is used in a kneeding process to 
prepare bread paste raw material having high vis- 
cosity. In other words, each of these methods is 
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merely a method in which instead of bread paste 
raw material, fish and shellfish raw material is pro- 
cessed with a twin-screw exturder to carry out an 
orientation of filaments consisting of protein linearly 
aligned. However, owing to unsatisfied orientation 
of filaments toward one direction, these oriented 
filaments are respectively separated and then ran- 
domly coupled together. For easily processing fish 
and shellfish material with a twin-screw extruder in 
this method, the sol material having low viscosity is 
pre-heated or adjusted to high viscosity by adding 
starch, salt. etc. in order to change its character to 
be close to the character of bread paste raw ma- 
terial. However, in spite of the fact that a product 
free from salt is desired, without addition of salt a 
viscosity like that of bread paste raw material can 
not be obtained. Therefore, a desired product free 
from salt can not be produced. In addition a prep- 
aration of raw material having high viscosity owing 
to a twin screw exturder having a prior art structure 
can not give a rise to satisfied orientation of protein 
or the like, resulting in a product having imperfect 
protein orientation structure, which can not be used 
as a desired marketable product. Accordingly, the 
unsatisfied orientated product processed through a 
twin-screw extruder is disjointed by agitating it in 
wafer. The disjointed elements are then mixed with 
salt-containing surimi as binder, and the mixture is 
steamed or boided to obtain a neriseihin as a 
marketable product. In such method, a finishing 
process is required after the process in the twin- 
screw extruder, and therefore, the overall process 
of manufacture is complicated. In addition, in the 
finishing process, the product having a slightly im- 
perfectly oriented structure is disjointed, and the 
disjointed elements are mixed with a binder before 
molding into a desired form. Therefore, it is impos- 
sible to obtain a product in which filaments having 
a satisfied orientation of protain molecules are un- 
formly aligned in a certain direction. 

In greater detail, a prior art extruder, which is 
used to prepared bread paste raw-material-oMike— 
comprises mainly of a cylindrical barrel and a 
screw rotatable therein. The screw is provided on a 
screw shaft. A raw material mainly composed of 
flour is transported by the action of the screw, and 
during this time individual components of the ma- 
terial are kneeded together to obtain bread paste 
raw material. The raw material in the cylindrical 
barrel can be heated. The heating is usually effec- 
ted by heating the cylindrical barrel itself with 
steam or an electric heater or by introducing steam 
into the material. The outlet end of the cylindrical 
barrel is throttled to' form a nozzle or an orifice. 
With this throttled end, the material being trans- 
ported by the screw is pressurized to increase its 
pressure. As an extruder, a uni-screw extruder with 
a single screw rotatably accommodated in a cylin- 



driacal barrel has been used, but recently there is 
a trend for using a twin-screw extruaer, which has 
high material transportation capacity compared to 
the uni-screw extruder. The twin-screw extruder is 
5 capable of change of screws depending on the 
characteristics of the material and purpose of pro- 
cessing, and also it can process materials having 
high oil contents. For these reasons, it is used for 
preparing bread paste material. 

ro Fig. 1 shows part of a typical example of the 
same direction rotation type twin-screw extruder. 
As it is shown, two screw shafts 2 and 3 are 
provided for rotation in same directions in cylin- 
drical barrel 1. Screws 21 and 31 on these screws 

75 shafts 2 and 3 rotated in mesh with each other. 
Flock nuts 22 and 32 are provided at the ends of 
screw shafts 2 and 3, and barrel die 4 is provided 
in the vicinity of flock nuts 22 and 32. Barrel die 4 
has substantially central orifice or nozzle-like outlet 

20 41 . In cylindrical barrel 1 , two screw shafts 2 and 3 
are rotated in same directions. With this, rotation, 
material is kneeded and compressed while it is 
transferred by screws 21 and 31. During this time, 
material is heated by a heating efement (not 

25 shown) in cylindrical barrel 1 and internal heat 
generated at the time of applying shearing stress 
to the material by screws 21 and 23. Since. the end 
of cylindrical barrel 1 is throttled with barrel die 4, 
material is pressurized as it is transferred. With a 

30 twin-screw extruder this pressure is increased to a 
pressure higher than the steam pressure. There- 
fore, neither effervescence nor splash takes place 
in cylindrical barrel 1 . As material is extruded from 
outlet 41 of barrel die 4 into atmosphere, it is 

35 inflated to generate high pressure steam, so that 
the material is liable to be scattered and become 
fine particles. That is, a phenomenon of flashing is 
liable to occur to spoil the moldability of the prod- 
uct. Particularly, when the material has high viscos- 

40 ity and contains little moisture, this trend is pro- 
moted to spoil regular orientation, and a spructure 

having uniformly aligned filaments can-not be^ob — 

tained. 

To avoid this phenomenon, it is in practice to 
45 cool the material at outlet 41 of barrel die 4. 
However, even by cooling the material in this way 
the flashing can not be perfectly avoided. Rather, 
when the material is cooled locally at outlet 41, 
clogging is caused to vary the pressure in cylin- 
so drical barred 1 and sometimes result in explosive, 
discharge of material. Therefore, it is impossible to 
control the discharge and to obtain a molding hav- 
ing a disired shape. 

United States patent specification 4,816,278 
55 disclose a method, in which, for avoiding the flash- 
ing when processing the fish or shell fish raw 
material a long tubular nozzle is coupled to the end 
of a cylindrical barrel such as to hold the material 
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in a fused state in a first half of the nozzle while 
cooling the material to 100° C or below in the 
second half of the nozzle, thus attaining a fibrous 
structure. However, while the flashing can be avoid- 
ed with this long nozzle, the cooling zone is con- 5 
stituted by only one half of the length of the nozzle 
and is insufficient for providing an aligned orienta- 
tion. Besides, the nozzle having the first heating or 
fusing zone and second cooling zone has a consid- 
erable overall length and offers high contact resis- w 
tance. Therefore, material can not be continuously 
and steadily supplied into the long tubular nozzle 
only by with the sole extruding force of the twin- 
screw extruder. 



SUMMARY OF THE INVENTION 



According to the invention, fish and shellfish so 
material is fed into an inlet end of a twin-screw 
extruder having the outlet end connecting with a 
long cooling zone via a feed pump, and the fed 
material is kneeded, pressureized and thermally 
fused in the extruder. The resultant heated fused 25 
material is then into the cooling zone for cooling 
over the entire length thereof. Particularly, at the 
end of the extruder, the temperature of the heated 
fused material is held at 1 50 to 260 9 C, and the 
heated fused material is cooled sown to 60 to 110* 30 
C, while providing a temperature gradient of 0.05 to 
0.35* C/cm in the cooling zone in the length direc- 
tion thereof. Therefore, if the fish and shellfish raw 
material is preliminarily heated or boiled into the 
state of a gel, at the time of extruding the heated 35 
fused material from the outlet of the extruder, are 
produced fibrous filaments having a linear align- 
ment of the portein or the like therein, and then in 
the cooling zone, each of filaments is aligned and 
oriented in a direction parallel to the axis of the 40 
cooling zone, resulting in parallel oriented fila- 

-ments. Thus, fibrous neriseihin product consisting 

of parallel oriented filaments can be obtained. If the 
fish and shellfish raw material is processed while it 
is in the state of a sol without such preliminary 45 
heating, by varying both the heating condition at 
the outlet end of the twin screw and cooling con- 
dition in the cooling zone, each of filaments is 
aligned and oriented in an obliquely radial direction 
to form radially oriented filaments, in cooling zone, 50 
thus obtaining a fibrous neriseihin product consist- 
ing of these radially oriented filaments. 

Further, fish and shellfish raw material may be 
used salt-containing surimi obtained by cutting and 
kneeding edible part of fish and shellfish with salt, 55 
and also salt-free surimi obtained by cutting and 
kneeding edible part of fish and shellfish without 
adding any salt. 
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According to the invention there is provided an 
apparatus, which comprises a twin-screw extruder 
including two screws rotated in same direction for 
kneeding, pressurising and thermally fusing fish 
and shellfish raw material being forcibly fed by the 
screws and extruding the resultant heated fused 
material from and outlet of the extruder, a plurality 
of branch tubes coupled to the outlet end of the 
extruder, feed pumps coupled to the outlet ends of 
the respective branch tubes for constantly feeding 
out the heated fused material from the extruder 
while it is in the heated and fused state, and 
cooling zones independently coupled to the outlets 
of the respective feed pumps, in which cooling 
zone the heated and fused material continuously 
supplied from the individual feed pumps is gradu- 
ally cooled from the outer periphery of the material. 

Thus, it is possible to feed fish and shellfish 
raw material constantly, at a constant rate and 
wjthout interruption regardless of the moisture con- 
tent and viscosity of the material or regardless of 
whether the material is in the state of a gel or a sol. 
Further, a fibrous neriseihin product having fibrous 
filaments consisting linearly aligned protein or the 
like can be readily obtained by varying the cooling 
condition of the long cooling zones through control 
of the revolving rate of the feed pumps. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a sectional view showing part of a 
prior art twin-screw extruder; 

Fig. 2 is a sectional view showing an appara- 
tus for manufacturing fibrous fish and shellfish 
neriseihin product as one embodiment of the inven- 
tion; 

Fig. 3 is a sectional view showing an appara- 
tus for manufacturing fibrous fish and shellfish 
neriseihin product as a different embodiment of the 
— invention;- . 

Fig. 4 is a sectional view showing an appara- 
tus for manufacturing fibrous fish and shellfish 
neriseihin product as a further embodiment of the 
invention; 

Fig. 5 is a sectional view showing an appara- 
tus for manufacturing fibrous fish and shellfish 
neriseihin . product as a still further embodiment of 
the invention; 

Fig. 6 is a perspective view showing an 
example of fish and shellfish neriseihin product 
manufactured by the method according to the in- 
vention; 

Fig. 7 is a sectional view taken along line A- 
A in Fig. 6; 

Fig. 8 is a view showing the fibrous fish and 
shellfish neriseihin product shown in Fig. 7 with a 
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filament teared in one direction; 

Fig. 9 is a sectional view showing a fibrous 
fish and shellfish neriseihin product according to a 
further embodiment of the invention. 

BEST MODE OF CARRYING OUT THE INVEN- 
^ TION 



Referring now to Figs. 2 to 5, reference nu- 
meral -5 designates a twin-screw extruder. This 
twin-screw extruder 5 has the same construction as 
the prior art twin-screw extruder shown in Fig. 1. 
As shown in Fig. 1, the extruder comprises cylin- 
drical barrel 1 and a pair of screw shafts 2 and 3. 
Screw shafts 2 and 3 are provided in cylindrical 
barrel 1, and screws 21 and 31 are provided on 
screw shafts 2 and 3. Screw shafts 2 and 3 are 
rotated in same directions. With this rotation, fish 
and shellfish raw material supplied to cylindrical 
barrel 1 at the rear end thereof (not shown in Fig. 
1) is transported to the outlet end of the barrel 1 
without reverse flow. As it is transported, fish and 
shellfish material is kneeded and heated by a heat- 
ing element (not shown) provided on the inner wall 
surface^of cylindrical barrel 1. With this kneeding 
and heating, the material is rendered to be a fused 
and heated material and loses its fish and shellfish 
structure. The material in this state is discharged 
from substantially central outlet 41 of barrel die 4 
provided at the outlet end of cylindrical barrel 1 . 
Outlet 41 is nozzle or orifice-like in shape. Thus, 
fish and shellfish material transported by screws 21 
and 31 is thermally fused under a pressurized 
condition, and heated fused mateial is extruded 
from outlet 41 . 

A plurality of branch tubes 61 and 62 are 
respectively coupled to the outlet end of the ex- 
truder 5, i.e., outlet 41. Branch tubes 61 and 62 are 
not desired to have too small length, but they have 
a sufficient length as shown in Figs. 2 and 3, and at 
least one-feed-pump*is"COupled~to the outlet end of 
each of these branch tubes 61 and 62. More spe- 
cifically, in the case of Fig. 2 feed pumps 71 and 
72 are coupled to respective branch tubes 61 and 
62, while in the case of Fig. 3 two feed pumps 71 
and 73 (72 and 74) are coupled to each of branch 
tubes 61 and 62. Feed pumps 71 to 74 are of a 
type normally capable of feeding heated fused 
material supplied through branch tubes 61 and 62 
continuously and at a constant rate. As this type of 
pump, volume pumps, particularly gear pumps, are 
suitable. This is so because a volume pump js 
suited for extruding heated fused material con- 
stantly with rotating rotor or gear. As such pump, 
commerically available gear pumps are very in- 
expensive and can attain sufficiently constant feed. 

With a plurality of branch tubes 61 and 62 



coupled to the outlet end of the extruder 5, individ- 
ual branch tubes 61 and 62 set to have a some- 
what large length and feed pumps 71 to 74 such as 
volume pumps mounted at the outlet ends of 
5 branch tubes 61 and 62, troubles at outlet 41 of 
twin-screw extruder 5 can be precluded, and heat- 
ed fused material can be very smoothly supplied to 
cooling zones 8 and 9 to be shown later in detail. 
In cooling zones 8 and 9 the heated fused material 

io is cooled under a predetermined cooling condition 
through control of the revolving rate of the feed 
pumps, and fish and shellfish neriseihin having a 
fibrous structure consisting of aligned elements as 
shown in Figs. 7 and 9 is obtained. 

75 As has been mentioned, the kneeding, heating, 

shearing and fusing of fish and shellfish raw ma- 
terial in the extruder are effected under a consider- 
able pressure, and the pressure in the extruder is 
higher than the vapouring pressure of water con- 

20 tained-in the material so that inflation of fish and 
shellfish material or heated fused material never 
takes place in the extruder. However, when the 
material is discharged from outlet 41 to stmosphere 
as in the prior art extruder shown in Fig/ 1 , explo- 

25 sion of moisture content and inflation of heated 
fused material take place to result in generation of 
commonly termed crushed material to be extruded 
as small pieces or masses, that is, the heated 
fused material is extruded internmittently and not 

30 constantly. For this reason, as mentioned before it 
is in practice to cool barrel die 4, as shown in Fig. 
1 or a nozzle, connecting with the die 4, which 
holds heated state of material in the first half and 
cools material in the second half of the nozzle, as 

35 disclosed in United States patent specification 
4,816,278. With the former measure, only local 
cooling is provided, and clogging is rather pro- 
duced at the outlet. With the latter measure, the 
nozzle has a large length and offers high contact 

40 resistances, and thereofore it is difficult to obtain 
constant extrusion of heated fused material with the 

sole extruding~force _ of the-extruder— 

These measures, therefore, are inadequate for 
gradually cooling heated fused material under ade- 

45 quate cooling condition to obtain fibrous fish and 
shellfish neriseihin product having such structure 
as shown in Figs. 7 and 9 as according to the 
invention. 

According to the invention, cooling zones 8 and 
so 9 are not directly connected to the outlet ends of 
branch tubes ' 61 and 62, but at least one feed 
pump. 71 to 74, is provided between each of 
branch tubes 61 and 62 and each of cooling zones 
8 and 9, while constructing branch tubes 61 and 62 
55 to have a large length. More specifically, cooling 
zones 8 and 9 are constructed to have a very large 
length, for instance 3 to 7 m. Therefore, even if 
heated fused material is extruded intermittently 
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from the extruder 5 into branch tubes 61 and 62, 
the intermittence is eliminated while the heated 
fused material is retained in branch tubes 61 and 
62, and the material is charged into branch tubes 
61 and 62 without being cooled but in the heated 
and fused state uniformly and over the entire 
length. If the length of branch tubes 61 and 62 is 
insufficient, the intermittence of extrusion of ma- 
terial from the extruder 5 can not be perfectly 
absorbed. With branch tubes 61 and 62 construct- 
ed to have a sufficient length, the extruding force of 
the extruder 5 has hot any influence on a transfer- 
ence of feeding heated fused material in cooling 
zones 7 and 8. Particularly, since cooling zones 7 
and 8 are cooled over the entire length, the viscos- 
ity of heated fused material is greatly increased, 
and material can not be constantly fed out due to 
increase of the contact resistance of cooling zones 
7 and 8. For this reason, according to the invention 
the heated fused material is not fed to cooling 
zones : 8 and 9 by making use of the extruding 
force of twin-screw extruder 5; but is fed to cooling 
zones 8 and 9 through branch tubes 61 and 62 
with interposed feed pumps. With this arrange- 
ment, the material can be fed smoothly. The cool- 
ing rate in cooling zones 8 and 9 can be readily 
controlled by controlling the revolving rate of feed 
pumps. 71 to 74. 

Cooling zones 8 and 9 connected to branch 
tubes 61 and 62 have- a length of 3 to 7 m, 
preferably 3.5 to 5.0 m and can cool material over 
the entire length. Cooling zones 8 and 9 are cylin- 
drical and have a double-wall structure with cooling 
water passages 83 and 93 defined between inner 
tubes 81 and 91 and outer tubes 82 and 92. 
Cooling water is introduced in the direction of arrow 
from inlets 84 and 94 of cooling zones 8 and 9 and 
drained from outlets 85 and 95. As cooling water 
passes through cooling water passages 83 and 93, 
heated fused material passing through inner tubes 
81 and 91 are cooled from their outer periphery. As 
a result, fibrous filaments-having-aligned protein 
molecules are orientated toward contain direction 
so as to obtain a fibrous structure as will be de- 
scribed later in detail. 

Namely, when fish and shellfish raw material is 
heated and fused in the extruder, its structure is 
perfectly lost When the heated fused material is 
cooled, the viscosity of material is increased, and 
this increased viscosity materia! is prevented 
against inflation with the heated fused material 
serving as plug. In addition, protein or the like 
contained in the material is forcibly aligned by. 
cooling, and this alignment is promoted in the 
direction of action of shearing force generated with 
movement of the material and cooling thereof in 
the radial direction. Thus, in cooling zones 8 and 9 
orientation toward one direction of filament con- 



sisting of aligned protein as shown in Figs. 7 and 
9 can be obtained by controlling the revolving rate 
of pumps 71 to 74 and rate of supply and tempera- 
ture, of cooling water. These conditions may be 
s determined according to the afore-noted condition, 
but where cooling zones 8 and 9 have a length in a 
range of 3 to 7 m it is suitable that heated fused 
material at 150 to 260 * C at the inlet is cooled 
gradually to provide a temperature pradient of 0.05 

10 to 0.35 * C/cm to 60 to 1 10 ° C at the outlet. 

Comparing Figs. 2 and 3, in the case of Fig. 2 
feed pumps 71 and 72 are each provided on each 
of branch tubes 61 and 62, while in the case of Fig. 
3 two feed pumps 71 and 73 (or 72 and 74) are 

75 provide on each branch tube. Feed pumps 71 to 74 
serve to feed heated fused material to cooling 
zones 8 and 9. With the arrangement as shown in 
Fig. 3 the discharge of material into cooling zones 
8 and 9 can be readily controlled to steadily pro- 

20 mote the orientation of filaments and readily obtain 
a fibrous structure having filaments orientated to- 
ward certain direction. 

Products having various shapes can be ob- 
tained by varying the shape of the discharge prot- 

25 ion of each cooling zones 8 and 9. 

In the example of Fig. 2 or 3, two feed pumps 
71 and 72 or four feed pumps 71 to 74 are coupled 
to the outlet end of the extruder 5 via a plurality of 
branch tubes 61 and 62. However, as shown in Fig. 

30 4 and 5 a single coupling tube 63 may be coupled 
to the extruder 5, and one or more fed pumps 71 
may be connected to the outle end of coupling 
tube 63. With this arrangement 63 the same effects 
may be obtained by setting a comparatively large 

35 length of coupling tube 63. In the cases of Figs. 4 
and 5, however, the productivity is reduced com- 
pared to the cases of Figs. 2 and 3 where branch 
tubes 61 and 62 are provided. 

Among the examples in which the extruder 5 is 

40 coupled via single coupling tube 63 to feed pump 
71, . the arrangement shown in Fig. 5 is one, in 
which a seasoning-agentrflavoring-agent or the like 
is added in a portion between feed pump 71 and 
cooling zone 8. In Fig. 5, first coupling tube 10 is 

45 coupled to the outlet end of feed pump 71 , second 
coupling tube 11 is connected to the outlet end of 
first coupling tube 10, and cooling zone 8 is con- 
nected to the outlet end of second coupling tube 
11. An inlet 12 of additive agents is provided on 

so first coupling tube 10 at an intermediate position 
thereof, and the inlet 12 is connected to additive 
agent feeding means 14 via pipe 13. and means 14 
is driven by motor 15. Agitating, unit 16 is provided 
between first and second coupling tubes 10 and 11 

55 and is driven by motor 17. With the arrangement of 
Fig. 5, an additive agent is added from the inlet 12 
to the heated fused material being fed by feed 
pump 71, and the resultant material is agitated in 
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agitating unit 16 to be fed continuously to cooling 
zone 8. 

Using the apparatus as shown above, it is 
possible to manufacture from fish and shellfish raw 
material a fibrous neriseihin, in which fibrous fila- s 
ments containing aligned protein are orientated to- 
ward one direction, i.e., in parallel with the axis Y-Y, 
as shown in Fig. 7. It is also possible to manufac- 
ture a-fibrous neriseihin, in which fibrous filaments 
are radially and obliquely orientated toward the axis 10 
Y-Y as- shown in Fig. 9. 

When manufacturing the former product with 
parallel fibrous filaments, the fish and shellfish ma- 
terial is used not in a state of sol but in a slightly 
gelated state obtained by preliminary heating be- is 
fore processing in the extruder. As for material, 
frozen or non-frozen surimi, minched meat or other 
edible part of fish and shellfish, meat such as 
chicken, pork, beef is used as a main material, 
among raw material, and livestock fat, starch, glu- 20 
ten, bean protein, gelatine, casein and so forth are 
added as desired. Where surimi or minched meat 
is used, salt may be added as in the prior art, or it 
may not or very lightly be added. In the latter case, 
the material, salt-free surimi or minched meat used 25 
as a raw material. The apparatus shown in Figs 2 
to 5 can process salt-free surimi or minched meat 
without containing any add salt and having very low 
viscosity. The surimi or minched meat is condition 
as in the prior art regardless of whether salt is 30 
added or not. As an example, surimi is obtained by 
collecting edible part of fish and shellfish, then 
exposing the meat of edible part to water, then 
dehydrating the meat and then adding sugar, sorbit 
and phosphate to the meat for preventing deteriora- 35 
tion thereof. Minched meat is obtained when meat 
after exposing to water and dehydrating is cut to 
masses with diameter size of 1 .0 cm or below 
through as a shieve of a conventional minched 
meat preparation machine. Surimi or minched meat 40 
may be stored in a frozon state. When processing 

~lhe"meat,~it is defrozen, then "egg white, salt7~sarcfn 

seasoning agent, flavoring agent, etc. are add as 
desired, and the resultant mixture is cut to obtain a 
sol using a silent cutter or the like. This sol is 45 
heated at 80 to 90 C for 30 to 60 minutes, and 
then it is set by taking sufficient time, thus obtain- 
ing kamaboko, i.e., a fibrous neriseihin of fish and 
shellfish having a structure, in which protein is 
coupled in a three-dimensional net-work structue. 50 
This kamaboko is then cut with a chopper or a 
cutter into pieces with a diametric size of 1 .0 to 3 
mm, preferably around 2.5 mm. 

These pieces of surimi or like, obtained after 
heating, is supplied as raw material of fish and 55 
shellfish to the extruder 6 shown in Figs. 2 to 5 for 
kneeding, heating and fusing in the twin-screw ex- 
truder. 



As suitable conditions or processing in twin- 
screw extruder 5, the rate of feed of raw material is 
60 kg/h, screw shaft revolving rate is 170 to 200 
rpm, pressure is 5 to 20 kg/cm, and cylindrical 
barrel temperature is 150 to 260 ° C, preferably 
170 to 190 ° C. Suitably, a temperature gradient is 
provided in the extruder from the inlet to the outlet 
thereof. 

The heated fused material obtained in this way 
is fed through the branch tubes and coupling tubes 
without being cooled in the barrel die. The branch 
tubes and coupling tubes are comparatively long 
as noted above. Therefore, when a raw material 
having viscosity is discharged intermittently from 
the outlet of the barrel die, the intermittence is lost, 
as the material is retained in the branch tubes and 
coupling tubes, and the material is fed at a con- 
stant rate to feed pumps 71 to 74. In this way, the 
heated fused material is fed to cooling zones 8 and 
9 at a rate determined by the revolving rate of the 
feed pumps. The heated fused material is gradually 
cooled down only after it entres cooling zones 8 
and 9 having a length of 3 to 7 m, for instance. The 
material is cooled such as to provide a temperature 
gradient of 0.05 to 0.35 ° C/cm and down to 60 to 
110 C, and a rod-like product as shown in Fig. 6 
is obtained as final neriseihin product 50 of fish 
and shellfish. 

Neriseihin product 50 shown in Fig. 6 is rod- 
like and has a circular sectional profile and com- 
prises mainly of fibrous filaments 51 and surface 
layer 52 covering over filaments 51. Its surface 
layer 52 has a smooth tactile impression, and in its 
structure as shown in Fig. 7 innumerable filaments 
51 with diameter ranging from the order of microns 
to the order to millimeters, usually less than 1 .0 
mm, are coupled together. Individual filaments 51 
are orientated toward one direction, i.e., in parallel 
with the axis or in radial and oblique direction 
toward the axis. 

Thus, holding some filaments 51 when eating 
_ the~productrthe product is teared apart as' sh own 
in Fig. 8. The product thus can be freely teared 
apart in the length direction at a desired position 
when eating it Neriseihin 50 need not have a 
circular sectional profile, but may be oval or an- 
gular, such as triangular, tetrangular, polygonal, or 
hollow as well. In this neriseihin 50, protein or the 
like contained in individual filaments 51 are linearly 
aligned at the time of extrusion of the extruder 5, 
and in cooling zone 8 and 9 individual filaments 51 
are orientated toward one direction and coupled 
together to such an extent that they are not de- 
coupled even when it is charged into and agitated 
in water. More specifically, since fish and shellfish 
material mainly consists of pieces preliminarily set 
by heating, and the heated fused material obtained 
-after— kneeding-and-heating-in-the-extruder-has — 
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retained character of the pieces and has high vis- 
cosity. Thus, its components, i.e., filaments tend to 
be aligned with respect to the direction of move- 
ment of material and not substantially with respect 
to other directions while material is gradually cool- 
ed in the cooling while holding the above tendency, 
individual filaments are continuous as long fila- 
ments in the length direction, and in this state they 
are coupled together when they are solidified. 

When manufacturing a fibrous neriseihin, in 
which fibrous filaments consisting of protein and 
like components coupled together are orientated 
radially, particularly radially obliquely, toward the 
axis, raw material of fish and shellfish is processed 
in the apparatus as shown in Figs. 2 to 5 while it is 
in the state of sol. The heating condition in the 
extruder and cooling condition in the cooling zones 
are varied to provide for slightly lower pressure, 
whereby the product can be readily manufactured. 

As raw material of fish and shellfish, like the 
above case, surimi or minched meat is used as 
main material, and also like the above as auxiliary 
material are used livestock fat, paste meat, starch, 
gluten, beam protein and other coupling agents, as 
well as seasoning agent, coloring agent and other 
ordinary additives. In this case, salt-free surimi or 
minched meat may be prepared without adding 
any salt. While surimi or minched meat may be 
prepared as in the prior art as noted before, it is 
directly used as raw material of fish and shellfish in 
the state of sol containing with a water content of 
70 weight parts or above for processing in the 
apparatus as shown in Figs. 2 to 5. By so doing, 
neriseihin 60 of fish arid shellfish having a structure 
as shown in Fig. 9 can be obtained. The product 
has radially obliquely orientated filaments 91, and 
its structure resembles crab leg meat. 

Generally, if material has high water content 
and low viscosity when it is processed using a 
extruder, the extrusion moldability is spoiled, and 
required energy for molding is extremely increase 
-due~to~ high™ water content. For this reason, the~ 
material in the state of sol is desirably gelated in 
advance by heating to reduce the water content 
and viscosity before processing. According to the 
invention, however, cooling zones 8 and 9 capable 
of cooling over the entire length are provided via 
feed pumps 71 to 74 as shown in Figs. 2 to 5, and 
thus the material can be processed while it is in the 
state of sol to obtain a neriseihin having a structure 
as shown in Fig. 9. More specifically, with a high 
water content, high viscosity material, sufficient flu- 
idity of protein and other compounds can be ob- 
tained, and filaments formed as a result of cooling 
and solidification from the outer periphery are sub- 
jected to a shearing action and radially orientated 
to form the structure. If the water content is less 
than 70 weight parts, the fluidity is spoiled, and 



filaments formed by cooling are not orientated radi- 
ally. In the case of salt-containing surimi and min- 
ched meat, even with appearance of salt-soluble 
protein the viscosity remains low because of high 

5 water content. With salt-free surimi or minched 
meat, substantially no salt-soluble protein appears, 
and the viscosity is low, thus permitting satisfactory 
fluidity or protein or the like to be ensured. 

When using raw material of fish and shellfish in 

w the state of sol, by setting a slightly higher tem- 
perature heating condition of the extruder, particu- 
larly 10 to 20° C higher than the condition for 
. obtaining^ the structure shown in Fig. 9 and cor- 
respondingly controlling the cooling condition of 

75 the cooling zones, a neriseihin having a structure 
as shown in Fig. 7 can be obtained. 

In either case, the product obtained from the 
cooling zones need not have a circular sectional 
profile but may have any other suitable shape as 

20 well. 



Example 1 

25 Edible part of Alaska pollack was collected, 

exposed to water and then dehydrated. To this 
material were added 5 wt. parts or sorbit and 0.2 
wt. part of phosphate, and the resultant material 
was cut and kneeded. To this material were added 

30 3 wt. parts of starch, and the resutant material was 
sufficiently kneeded with a silent cutter. The resul- 
tant material, which was in the form of sol was 
used as raw material and charged into the twin 
screw extruder of the apparatus shown in Fg. 2 for 

35 processing under the following conditions to obtain 
a rod-like neriseihin (with a diamater of around 18 
mm). 

The rate of supply of material to the extruder 
was 60 kg/h, revolving rate of the extruder screw 

40 shafts was 170 to 200 rpm, the extruder cylindrical 
barrel temperature was 170 ° C at an intermediate 
position~and- 200 ~C at the outlet, and the dimen- 
sions of the cooling zones were 1 8 mm f (inner 
diameter) by 4 mm (length). 

45 Stable supply and flow of material and smooth 

operation could be obtained by controlling the re- 
volving rate of gear pumps as feed pumps. The 
material was perfectly fused and kneeded in the 
extruder, and the heated fused material was cooled 

so down to 170 * C as it passed through the branch 
tubes and then cooled down to 95° C in the 
cooling ■ zones. ■■ The temperature gradient at the 
time of cooling was 0.255 ° G'cm. 

The rod-like neriseihin which was obtained had 

55 a slippery skin. The product had a fibrous structure 
as shown in the sectional view of Fig. 7, with 
individual filaments alinged to be parallel to the 
axis. The product had excellent taste and touch to 
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the mouth. It was seen that the product could be 
teared over the entire length in the direction of 
filament alignment without being broken at all. 



Example 2 

To 50 wt parts of Alaska pollack surimi ob- 
tained^ in the above way were added 30 wt. parts of 
pig meat 10 parts of water and 2.6 wt. parts of salt 
as well as flavoring agent seasoning agent and 
coloring agent, and the resultant material was 
kneeded with a silent cutter to obtain a sol. Subse- 
quently; the sol was boiled at 90 * C for 60 
minutes to obtain a gel, which was then processed 
with a chopper into pieces with a diametr 5 mm. 
These pieces were processed as raw material with 
the apparatus shown in Fig. 2 under the same 
conditions as in Example 1. thus obtaning a system 
having a structure as shown in Fig. 2. This product 
was cut to a suitable length, then packed and 
sterilized to obtain a novel sausage as shown in 
Fig., 8, with individual filaments capable of being 
teared in the longitudinal direction. 

Example 3 

Insead of Alaska pollack edible part of squid 
belonging to mollusc and krill belonging to 
Crustacea was exposed to water, dihydrated, 
kneeded and cut to obtain surimi. To this surimi 
was added salt and starch as in Example 1, and 
the resultant mixture was heated into a gel and cut 
with a choper into pieces with a diameter of 2.0 
mm. 

These pieces were procesed with the appara- 
tus shown in Fig. 2 under the same conditions as 
in Example 1 to obtan a neriseihin having a struc- 
ture as shown in Fig. 7. 



Example 4 

Edible part of Alaska pollack was collected 
and, as in Example 1, was exposed to water and 
degydrated. To this material were added 5 wt. 
parts of sorbit and 0.2 wt part of phosphate. The 
resultant mixture was cut to obtain surimi. To this 
surimi were added 3 wt parts of salt and 3 wt 
parts of starch. The resultant mixture awas kneed- 
ed with a silent cutter to obtain a sol. This sol 
contained 73 wt. % of water, and it was supplied to 
the twin screw extruder of the apparatus shown in 
Fig. 2 for processing under conditions of a material 
feed rate of 35 kg/h, a screw shaft revolving rate of 
175 rpm t cylindrical barrel intermediate tempera- 
ture of 170 * C and a barrel outlet temperature of 



220 C. In the cooling zones, the material was 
coled with a^ temperature gradient fo 0.325 ° C/cm 
down to 95 ° C. 

As a result, a rod-like neriseihin as shown in 

5 Fig. 6 could be obtained. This neriseihin, like that 
in Example 1, had a thin slippery skin layer, and in 
its sectional profile individual filaments were radi- 
ally obliquely orientated. This neriseihin was teared 
by holding a portion, and at this time filaments 

70 were teared in the direction of their orientation, i.e., 
a radially oblique direction. 

The surimi obtained the above way was kneed- - 
ed without addition of any salt but together with 
only 3 wt parts of starch into a sol, which was then 

is processed in the same way as above to obtain a 
neriseihin having a similar structure. 



Example 4 

20 

Surimi of krill and squid in Example 2 were 
converted to sol with and without addition of 3 wt. 
parts of salt and these sols were similarly pro- 
cessed to obtain neriseihins as shown in Fig. 9, in 
25 same condition as shown in Example 2, except the 
condition, such as barrel intermediate temperature 
equal to 165 ° C and barrel leading and tempera- 
ture equal to 200 C. 

Among "neriseihin" or (fish paste meat pro- 
30 ducts) prepared from paste meat such as surimi or 
minched meat of fish and shellfish are known as 
Japanese food kamaboko, chikuwa and fish meat 
sausage. These "neriseihin" or fish paste meat 
products are extensvety markedted as food. To 
35 produce such "neriseihin", surimi edible part of fish 
and shellfish is cut and mixed with salt seasoning, 
suitable additivesand flavoring agents to produce 
so-called paste meat and this paste meat is sub- 
jected to molding and heating and setting pro- 
40 cesses, seqiuently, thus forming a paste meat 
product having an elastic structure. A feature of the 

"neriseihin" is that the^setting-of-the-paste-meat 

produces a three-dimensionaily net-work structer or 
structure of protein or the; like, thus providing a 
45 certain elasticity. Recently, the taste for food is 
changing with westernization and americanisation 
and diversification of the living standards, and ac- 
cordingly kamaboko, chikuwa, fish and shellfish 
sausage and other fish and shellfish "neriseihin" 
so are> improved to meet western and american re- 
quirements. However, these products are not esen- 
tially improved. More specifficalty, even in im- 
proved products the net-work structure of protein 
remains as such and can not always saitsfy de- 
55 mands for westernization and americanisation and 
diversification of the diet. Further, for an enhance- 
ment of health it is demanded that the salt content 
is as low as possible or zero. Nevertheless, for 
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producing paste meat from edible part of fish and 
shellfish it is necessary to add a comparatively 
large amount of salt so as to provide a certain 
degree of viscosity. This is undesired, however, 
from the health standpoint. 

As example, Japanese Patent Publication 64- 
27 and Japanese Patent Disclosure 62-259565 dis- 
close using surimi of fish and shellfish as raw 
material, subjecting it to cutting and kneeding with 
salt or other additives and flavoring agent and 
seasoning agents to obtain a paste meat, produc- 
ing strip-like moldings of the paste meat setting 
the moldings by heating to obtain a paste meat 
product, i.e., kamaboko, then length-wisely cutting 
the product with a knife or the like to obtain many 
filaments and, if desired, subsequently integrating 
these filaments by adding a binder of paste meat 
to produce a food resembling scallop meat or king 
crab leg meat. These food products are obtained 
by mechanically cutting "neriseihin" having usual 
kamaboko structure to form a fibrous -structure like 
that of crab leg meat. Therefore, their appearance 
closely resembles natural scallop meat or king crab 
leg meat so that they can be hardly discriminated. 
However, although the individual filaments are thin 
and elongate, . they retains a so-called kamaboko 
structure, i.e., a net or mesh-like structure, in which 
protein or the like is three-dimensionally coupled in 
a net or mesh-like form. That is, their structure is 
essentially different from the structure of natural 
scallop meat or king crab meat. In addition, the 
"neriseihin" having kamaboko structure contains a 
large amount of salt, which is undesired form the 
health standpoint 

Japanese Patent Disclosure 63-68059 and Jap- 
anese Patent Disclosure 63-68060 disclose meth- 
ods of producing a neriseihin consisting a bundle 
of algined fibrous elements, i.e., fish and shellfish 
neriseihin, in which protein is lineaerly orientated, 
in order to closely resemble the structure of crab 
leg or shrump leg with the structure of the 
neriseihin itself; These methods-are-developed -by- 
utilizing a fact that a two-shaft extruder is used for 
a kneeding step to prepare a bread paste raw 
material. More specifically, fish or shellfish material 
such as surimi is mixed with additives and season- 
ing agents to obtain a sol material, which is then 
coverted into a gel material by heating it or adjust- 
ing to high viscosity. The gel material thus ob- 
tained is then kneeded and thermally fused in a 
two-shaft extruder. The fused material is then ex- 
truded via an outlet of the leading end of the 
extruder, thereby carrying out an aligned orienta- 
tion of protein molecules or the like by making use 
of a shearing efect of the two-shaft extruder. Sub- 
sequently, each of the resultant aligned material is 
separated by using water. Then, the separated 
aligned materials are mixed with fish and shellfish 



surimi containing salt, and the resultant mixture is 
molded into a desired shape and then set followed 
by boiling or heating. The neriseihin which is ob- 
tained in this way, unlike the prior art kamaboko 
5 structure, has a structure, in which filaments having 
protein molecules aligned in a direction are ran- 
domly coupled* together and intgrated. This struc- 
ture resembles the structure of natural crab or 
shrimp meat and fits the aim of westernization, 
70 americanisation, or diversification of living stan- 
dards to a certain extent These method utilizes the 
fact that a two-shaft extruder is used in a kneeding 
process to prepare bread paste raw material. In 
other words, these method in merely a method in 

is which insteal of bread paste raw material, fish and 
shellfish raw material is processed with a two-shaft 
exturder to form oriented filaments. These oriented 
filaments are respectively separated and then ran- 
domly coupled together. For easily processing fish 

20 and shellfish material with a two-shaft extruder in 
this method, the material is pre-heated or adjusted 
to high viscosity by adding starch, salt, etc. in 
order to change its character to be close to the 
character of bread paste raw material- However, in 

25 spite of the fact that a product free from salt is 
desired, with out addition of salt a viscosity like that 
of bread paste raw material can not be obtained. 
Therefore, a desired product free from salt can not 
• be produced. In addition, such high viscous since 

30 the material with salt is suitable for processing in a 
two-shaft exturder having a prior art structure. How- 
ever, the prior art shaft extruder can not give a rise 
to saticfied orientation of protein molecules so that 
the resultant product has imperfect molecular ori- 

35 entation structure and therefore can not be used to 
produce a desired product. Accordingly, the ma- 
terial having been processed through a two-shaft 
extruder is disjointed by agitating it in water. The 
disjointed material is then mixed with salt-contain- 

40 ing surimi as binder, and the mixture is steamed or 
boided to obtain a neriseihin. In such method, a 
finishing process is required~after~the"~process~in~ 
the two-shaft extruder, and therefore, the overall 
process of manufacture is complicated. In addition, 

45 in the finishing process the material having a slight- 
ly imperfectly oriented structure is disjointed, and 
the disjointed elements are mixed with a binder 
before molding. Therefore, it is impossible to obtain 
a product, in which filaments having orientated 

so protain molecules are aligned in a certain direction. 

In greater detail, a prior art extruder, which is 
used to prepare bread paste material or like com- 
posed mainly of bread paste material, mainly com- 
prises a cylindrical- barrel and a screw rotatable 

55 therein. The screw is provided on a screw shaft. A 
material mainly composed of flour is transported by 
the action of the screw, and during this time in- 
dividual components of the material are kneeded 
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together to obtain bread paste material. The ma- 
terial in the cylindrical barrel can be heated. The 
heating is usually effected by heating the cylin- 
drical barrel itself with steam or an electric heater 
or by introducing steam into the material. The 
outlet end of the cylindrical barrel is throuttled to 
form <a nozzle or an orifice. With this throttled end, 
the material being transported by the screw is 
pressurized to increase its pressure. As extruder, a 
uni-shaft extruder with a single screw rotatably 
accommodated in a cylindriacal barrel has been 
dused, but recently there is a trend for using a two- 
shaft extruder, which has high material transporta- 
tion capacity compared to the uni-shaft extruder. 
The two-shaft extruder is capable of change of 
screws depending on the characteristics of the 
material and purpose of processing, and also it can 
process materials having high oil contents. For 
these reasons, it is used for preparing bread paste 
material. 

Fig. 1 shows part of a typical example of the 
opposite direction rotation type two-shaft extruder. 
As it is shown, two scrw shafts 2 and 3 are pro- 
vided .for rotation in opposite directions in cylin- 
drical barrel 1, Screws 21 and 31 on these screws 
shafts 42 and 3 rotated in mesh with each other. 
Flock nuts 22 and 32 are provided at the ends of 
screw shafts 2 and 3, and barrel die 4 is provided 
in the vicinity of flock nuts 22 and 32. Barrel die 4 
has substantially central orifice or nozzle-like outlet 
41. In cylindrical barrel 1, two screw shafts 2 and 3 
are rotated in same directions. With this rotation, 
material is kneeded and compressed while it is 
transferred by screws 21 and 31. During this time, 
it is heated by a heating element (not shown) in 
cylindrical barrel 1 and internal heat generated as 
the material is sheared by screws 21 and 23. Since 
the end of cylindrical barrel 1 is throttled with 
barrel die 4, material is pressurized as it is trans- 
ferred. With a two-shaft extruder this pressure is 
increased to a pressure higher than the steam 
—pressurer— Therefore, -neither effervescence nor — 
splash taked place in cylindrical barrel 1. As ma- 
terial is ectruded from outlet 41 of barrel die 4 into 
atmosphere, it is inflated to generate high pressure 
steam, so that the material is liable to be scattered 
and become fine particles. That is, a phenomenon 
of flashing is liable to occur to spoil the moldability 
of. the product. Particularly, when the material has 
high viscosity and contains little moisture, this 
trend is promoted to spoil regular orientation, and 
an aligned fibrous spructure can not be obtained. 

To avoid this phenomenon, it is in practice to 
cool the material at outlet 41 of barrel die 4. 
However, even by cooling the material in this way 
the flashing can not be perfectly avoided. Rather, 
when the material is cooled locally at outlet 41 [ 
-clogging_is_produed-to-vary-the-pressurein-cylin-- 
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drical barred 1 and sometimes result in explosive 
discharge of material. Therefore, it is impossible to 
control the discharge and to obtain a molding hav- 
ing a disired shape. 

United States patent specification 4,816,278 
disclose a method, in which, for avoiding the flash- 
ing when processing the fish or shell fish raw 
material a long tubular nozzle is coupled to the end 
of a cylindrical barrel such as to hold the material 
in a fused state in a first half of the nozzle while 
cooling the material to 100* C or below in the 
second half of the nozzle, thus attaining a fubrous 
structure. However, while the flashing can be avoid- 
ed with this long nozzle, the cooling zone is con- 
stituted by only one half, of the length of the nozzle 
and is insufficient for providing an aligned orienta- 
tion. Besides, the nozzle having the first heating of 
fusing zone and second cooling zone has a consid- 
erable overall length and offers high contact resis- 
tance. Therefore, material can not be contihously 
and steadily supplied into the long tubular nozzle 
only by with the sole extruding force oMhe two- 
shaft extruder. 



SUMMARY OF THE INVENTION 



55 



According to the invention, fish and . shellfish 
material is charged into an inlet end of a two-shaft 
extruder, having the outlet end connecting with a 
long cooling zone via a feed pump, and the 
charged material is kneeded, pressureized and 
thermally fused in the two-shaft extruder. The re- 
sultant heated fused material is then into the cool- 
ing zone for cooling over the entire length thereof. 
Particularly, at the end of the two-shaft extruder, 
the temperature of the heated fused material is 
held at 150 to 260 * C, and the heated fused 
material is cooled down to 60 to 110 " C, while 
providing a temperature gradient of 0.05 to 0.35 
e/cm-in-the cooiing-zone in the length direction 
thereof. Therefore, if the fish and shellfish material 
is preliminarily heated or boiled into the state of a 
gel, in the cooling zone protein or the like compo- 
nents are aligned and oriented in a direction par- 
allel to the axis of the cooling zone, resueting in 
parallel oriented filaments. Thus, fibrous paste 
meat consisting of. parallel oriented filaments can 
be obtained. If the fish and shellfish material is 
processed while it is in the state of a sol, by 
varying both the heating condition at the outlet end 
of the two-shaft extruder and cooling condition in 
the cooling zone in the cooling zone protein and 
like components are aligned and oriented in an 
obliquely radial direction to form radially oriented 
filaments, thus obtain ling a fibrous paste meat con- 
-sisting-oftriese radiallyoriented filaments. 
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Further, as fish and shellfish material may be 
used salt-containing surimi obtained by cutting and 
kneeding edible part of fish and shellfish with salt, 
and also salt-free surimi obtained by cutting and 
kneeding edible part of fish and shellfish without 
adding any salt. 

Further, according to * the invention there is 
provided an apparatus, which comprises a two- 
shaft extruder including two screws rotated in same 
direction for kneeding, pressurising and thermally 
fusing fish and shellfish material being forcibly fed 
by the screws and ectruding the resultant heated 
fused material from and outlet, a plurality of branch 
tubes coupled to the coutlet end of the two-shaft 
extruder, feed pumps coupled to the outlet ends of 
the respective branch tubes for constantly feeding 
out material from the two-shaft extruder while in the 
heated and fused state, and cooling zones inde- 
pendently coupled to the outlets of the respective 
feed pumps, in which cooling zone the heated and 
fused material continuously supplied from the in- 
dividual feed pumps is gradually cooled from the 
outer periphery of the material. 

Thus, it is possible to feed fish and shellfish 
material constantly, at a constant rate and without 
interruption regardless of the moisture content and 
viscosity of the material or regardless of whether 
the material is in the state of a gel or a sol. Further, 
a fibrous neriseihin consisting of filaments aligned 
in a direction can be readily obtained by varying 
the cooling condition of the long cooling zones 
through control of the revolving rate of the feed 
pumps. 



BRIEF DESCRIPTION OF THE DRAWINGS 



A in Fig. 6; 

Fig. 8 is a view showing the fibrous fish and 
shellfish neriseihin product shown in Fig. 7 with a 
filament teared in one direction; 
s Fig. 9 is a sectional view showing a fibrous 

- fish and shellfish neriseihin according to a further 
embodiment of the invention. 

BEST MODE OF CARRYING OUT THE INVEN- 
10 TION ' 



Referring now to Figs. 2 to 5, reference nu- 
meral 5 designates a two-shaft extruder. This two- 
15 shaft extruder 5 has the same construction as the 
prior art two-shaft extruder shown in Fig. 1 ; As 
shown in Fig. 1, two-shaft extruder comprises cylin- 
drical barrel 1 and a pair of screw shafts 2 and 3. 
Screw shafts 2 and 3 are provided in cylingrical 
20 barrel 1, and screws 21 and 31 are provided on 
screw shafts 2 and 3. Screw shafts 2 and 3 are 
rotated in same directions. With this rotation, fish 
and shellfish material supplied to cylindrical barrel 
1 at the rear end thereof (not shown in Fig. 1) is 
25 transported to the outlet end without reverse flow. 
As it is transported, fish and shellfish material is 
kneeded and heated by a heating element (not 
shown) provided on the inner wall surface of cylin- 
drical barrel 1. With this kneeding and heating, the 
30 material is rendered to be a fused and heated 
material and loses its fishand shellfish structure. 
The material in this state is discharged from sub- 
stantially central outlet 41 of barrel die 4 provided 
at the outlet end of cylindrical barrel 1. Outlet 41 is 
35 nozzle-or orifice-tike in shape. Thus, fish and shell- 
fish material transported by screws 21 and 31 is 
thermally fused under a pressurized condition, and 
heated fused material is extruded from outlet 41 . 

A plurality of branch tubes 61 and 62 coupled 
to the outlet end of two-shaft extruder 5, i.e., outlet 
4. Branch tubes 61 and 62 are not desired to have 
too-smalHongthrbut-theyhave a sufficient length 
as shown in Figs. 2 and 3, and at least one feed 
pump is coupled to the outlet end of each of these 
branch tubes 61 and 62. More specifically, in the 
case of Fig. 2 feed pumps 71 and 72 are coupled 
to respective branch tubes 61 and 62, while in the 
case of Fig. 3 two feed pumps 71 and 73 (72 and 
74) are coupled to each branch tube. Feed pumps 
71 to 74 are of a type normally capable of feeding 
heated fused material supplied through branch 
tubes 61 and 62 continuously and at a constant 
rate. As this type of pump, volume pumps, particu- 
larly gear pumps, are suitable. This is so because 
a volume pump is suited for extruding heated fused 
material constantly with rotating rotor or gear. As 
such pump, commerically available gear pumps 
are very inexpensive and can attain sufficiently 



Fig. 1 is a sectional view showing part of a 
prior art two-shaft extruder: 40 

Fig. 2 is a sectional view showing an appara- 
— tus-for— manufacturing-fibrous fish and shellfish 
neriseihin as one embodiment of the invention; 

Fig. 3 is a sectional view showing an appara- 
tus for manufacturing fibrous fish and shellfish 45 
neriseihin as a different embodiment of the inven- 
tion; 

Fig. 4 is a sectional view showing an appara- 
tus for manufacturing fibrous fish and shellfish 
neriseihin as a further embodiment of the invention; so 

Fig. 5 is a sectional view showing an appara- 
tus for manufacturing fibrous fish and shellfish 
neriseihin as a still further embodiment of the in- 
vention; . 

Fig. 6 is a perspective view showing an ss 
example of fish and shellfish neriseihin manufac- 
tured by the method according to the invention; 

Fig: 7 is a sectional view taken along line A- 
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constant feed. 

With a plurality of branch tubes 61 and 62 
coupled to the outlet end of two-shaft extruder 5, 
individual branch tubes 61 and 62 set to have a 
somewhat large length and feed pumps 71 to 74 5 
such as volume pumps mounted at the outlet ends 
of branch tubes 61 and 62, troubles at outlet 41 of 
two-shaft extruder 5 can be precluded, and heated 
fused material can be very smoothly supplied to 
cooling zones 8 and 9 to be shown later in detail. ro 
In cooling zones 8 and 9 the heated fused material 
is cooled under a predetermined cooling condition 
through control of the revolving rate of the feed 
pumps* and fish and sheilfish neriseihin having a 
fibrous structure as shown in Figs. 7 and 9 is rs 
" obtained. 

As has been mentioned, the kneeding, heating, 
shearing and fusing of fish and shellfish material in 
the two-shaft extruder are effected under a consid- 
erable pressure, and the pressure in the two-shaft 20 
extruder is above the vapouring pressure of water 
contained in the material so that inflation of fish 
and shellfish material or heated fused material nev- 
er taked place in the two-shaft extruder. However, 
when the material is discharged from outlet 47 to 25 
stmosphere as in the prior art two-shaft extruder 
shown' in Fig. 1, explosion of moisture content and 
intlation of heated fused material take place to 
result in generation . of commonly termed curshed 
material to be extruded as small pieces or masses, 30 
that is,. the heated fused material is extruded intern- 
mittently and not constantly. For this reason, as 
mentioned before it is in practice to cool barrel die 
4 as shown in Fig. 1 or connect a nozzle, which 
holds heated state of material in the first half and 35 
cools material in the second half, to the outlet of a 
two-shaft extruder as disclosed in United States 
patent specification 4,816,278. With the former 
measure, only local cooling is provided, the clog- 
ging is rather produced at the outlet. With the latter 40 
measure, the nozzle has a large length and offers 

high contact resistancesr~and _ thereofore~it~is~dif i: 

ficult to obtain constant extrusion of heated fused 
material with the sole extruding force of the two- 
shaft extruder. 45 

These measures, therefore, are inadepuate for 
gradually cooling heated fused material under ad- 
epuate cooling condition to obtain fibrous fish and 
shellfish neriseihin as shown in Figs. 8 and 10 as 
according to the invention. 50 

According to the inveniton, cooling zones 8 and 
9 are not directly connected to the outlet ends of 
branch tubes 61 and 62, but at least one feed 
pump, 71 to 74, is' provided between each of 
branch tubes 61 and 62 and each of cooling zones 55 
8 and 9, while constructing, branch tubes 61 and 62 
to have a large length. More specifically, cooling 
zones 8 and 9 are constructed to have a very large 



length, for instance 3 to 7 m. Therefore, even if 
heated fused material is extruded intermittently 
from two-shaft extruder 5 into branch tubes 61 and 
62, the intermittence is eliminated while the heated 
fused material is retained in branch tubes 61 and 
62, and the material is charged into branch tubes 
61 and 62 without being cooled but in the heated 
and fused state uniformly and over the entire 
length. If the length of branch tubes 61 and 62 is 
insufficient, the intermittence of extrusion of ma- 
terial from two-shaft extruder 5 can not be perfectly 
absorbed. With branch tubes 61 and 62 construct- 
ed to have a sufficient length, the extruding force of 
two-shaft extruder 5 is perfectly lost in branch 
tubes 61 and 62, that is, the capacity of feeding 
heated fused material to cooling zones 61 and 62 
is lost. Particularly, since cooling zones 61 and 62 
are cooled over the entire length, the viscosity of 
heated fused material is greatly increased, and 
material can not be constantly fed out due to 
increase of the contact resistance of cooling zones 
61 and 62. For this reason, according the the 
invention the heated fused material is not fed to 
cooling zones 8 and 9 by making use of the 
extruding force of two-shaft extruder 5, but it is fed 
to cooling zones 8 and 9 through branch tubes 6.1 
and 62 with interposed feed pumps. With this ar- 
rangement the material can be fed smoothly. The 
cooling rate in cooling zones 8 and 9 can be 
readily controlled by controlling the revolving rate 
of feed pumps 71 to 74. 

Cooling zones 8 and 9 connected to branch 
tubes 61 and 62 have a length of 3 to 7 m, 
preferably 3.5 to 5.0 m and can cool material over 
the entire length. Cooling zones 8 and 9 are cylin- 
drical and have a double-wall structure with cooling 
water passages 83 and 93 defined between inner 
tubes 81 and 91 and outer tubes 82 and 92. 
Cooling water is introduced in the direction of arrow 
from rear end water inlets 84 and 94 of cooling 
zones 8 and 9 and drained from front end water 
- outlets 85 and 95. As cooling-waterpasses through 
cooling water passages 83 and 93, heated fused 
material passing through inner tubes 81 and 91 are 
cooled from their outer periphery. As a result, pro- 
tein molecules of the material are aligned to obtain 
a fibrous structure as will be described, later in 
detail. 

Specifically, when fish and shellfish material is 
heated and fused in the two-shaft extruder, its 
structure is perfectly lost. When the heated fused 
material is . cooled, the viscosity of material is in- 
creased, and this increased viscosity material is 
prevented against inflation with the heated fused 
material serving as plug, in addition, the material is 
forcibly aligned by cooling, and this alignment is 
promoted in the direction of action of shearing 
force generated with movement of the material and 
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cooling thereof in the. radial direction. Thus, in 
cooling zones 8 and 9 a fibrus structure aligned in 
one direction as shown in Figs. 7 and 9 can be 
obtained by controiiing the revolving rate of pumps 
71 to 74 and rate of supply and temperature of 
cooling water. These conditions may be deter- 
mined according to the afore-noted condition, but 
where cooling zones 8 and 9 have a length in a 
range of 3 to 7 m it is suitable that heated fused 
material at 150 to 200 ° C at the inlet is cooled 
gradually to provide a temperature pradient of 0.05 
to 0.35 * C/cm to 60 to 110 ° Cat the outlet. 

Comparing Figs. 2 and 3, in the case of Fig. 2 
feed pumps 71 and 72 are each provided on each 
of branch tubes 61 and 62. while in the case of Fig. 
3 two feed pumps 71 and 73 (or 72 and 74) are 
provide on each branch tube. Feed pumps 71 to 74 
serve to feed material to cooling zones 8 and 9. 
With the arrangement as shown in Fig. 3 the dis- 
charge of material into cooling zones 8 and 9 can 
be readily controlled to steadily promote the align- 
ment and readily obtain a fibrous structure. 

Products having various shapes can be ob- 
tained by varying the shape of the discharge prot- 
ion of each cooling zone. 

In the example of Fig; 2 or 3 two, feed pumps 
71 and 72 or four feed pumps 71 to 74 are coupled 
to the outlet end of two-shaft extruder 5 via a 
plurality of branch tubes 61 and 62. However, as 
shown in Fig. 4 and 5 a. single coupling tube 63 
may be coupled to two-shaft extruder 5. and one or 
more fed pumps 71 may be connected to the outle 
enc of coupling tube 63. With this arrangement 63 
the same effects may be obrained by setting a 
comparatively large length of coupling tube 63. in 
the cases of Figs. 4 and 5, however, the productiv- 
ity is reduced compared to the cases of Figs. 2 
and 3 where branch tubes 61 and 62 are provided. 

Among the examples in which two-shaft ex- 
truder 5 is coupled via single coupling tube 6 to 
feed pump 71, the arrangement shown in Fig. 5 is 
one,in. which a seasoning agent, flavoring-agent or™ 
the like is added in a portion between feed pump 
71 and cooling zone 8. In Fig. 5, first coupling tube 
10 is coupled to the outlet end of feed pump 71, 
second coupling tube 1 1 is connected to the outlet 
end of first coupling tube 10, and cooling zone 8 is 
connected to the outlet end of second coupling 
tube 11. Additive inlet 12 is provided on first cou- 
pling tube 10 at an intermediate position thereof, 
and additive inlet 17 and is driven from motor 15. 
Agitating unit 16 is provided between first and 
second coupling tubes 10 and 11 and is -driven 
from motor 17. With the arrangement of Fig. 5, an 
additive is added from additibe inlet 12 to the 
heated fused material being fed from feed pump 
71, and the resultant material is agitated in agitat- 
ing unit 16 to be fed continuously to cooling zone 



8. 

Using the apparatus as shown above, it is 
possible to manufacture from fish and shellfish 
material a fibrous neriseihin, in which fibrous fila- 
s ments containing protein are aligned with respect 
to one direction, i.e., the axial direction, as shown 
in Fig; 7. It is also " possible " to manufacture a 
fibrous neriseihin, in which fibrous filaments are 
radially directed toward the axis as shown in Fig. 9. 
w When manufacturing the former product with 

parallel fibrous filaments, the fish and shellfish ma- 
terial is used not in a state of sol but in a slightly 
gelated state obtained by heating before process- 
ing in the two-shaft extruder. As for material, frozen 

75 or non-frozen surimi, minched meat or other edible 
part of fish and shellfish is used as main material, 
and livestock fat, starch, gluten, bean protein, gela- 
tine and so forth are added as desired. Where 
surimi or minched meat is used as. main material, 

20 salt may be added as in the prior art, or may not or 
very lightly be added. In the latter case, the ma- 
terial, salt-free surimi or minched meat. The ap- 
paratus shown in Figs. 2 to 5 can process salt-free 
surimi or minched meat without containing any 

25 addd salt and having very low viscosity. The surimi 
or minched meat is conditioned as in the prior art 
regardless of whether salt is added or not. As an 
example, surimi is obtained by extracting edible 
part of fish and shellfish as meat, then exposing 

30 the meat to water, then dehydrating the meat and 
then adding sugar, sorbit and phosphate to the 
meat for preventing deterioration thereof. Minched 
meat is obtained when meat after exposing to 
water and dehydrating is cut cut to masses with 

35 diameter size of 1.0 cm or below through as a 
shieve of a conventional minched meat preparation 
machine. Surimi or minched meat is stored in a 
frozdn state. When processing the meat, it is de- 
frozen, then egg white, salt, sarch, seasoning 

40 agent flavoring agent, etc. are add as desired, and 
the resultant mixture is cut to obtain a sol using a 
silent cutter or the like. This sol is heated~ar80~to 
90 * C for 30 to 60 minutes, and then it is set by 
taking sufficient time, thus obtaining kamaboko, i.e., 

45 a fibrous neriseihin of fish and shellfish having a 
structure, in which protein is coupled in a three- 
dimensional net or mesh-like form: This kamaboko 
is then cut with a chopper or a cutter into pieces 
with a diametric size of 1.0 to 3 mm, preferably 

so around 2.5 mm. 

These pieces of surimi or like, obtained after 
heating ; is supplied as raw materrial of fish and 
shellfish to two-shaft extruder 5 shown in Figs. 2 to 
5 for kneeding, heating and fusing in the two-shaft 

55 extruder.. 

As suitable conditions of processing in two- 
shaft extruder 5, the rate of feed of raw material is 
60 kg/h, screw shaft revolving rate is 170 to 200 
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rpm, pressure is 5 to 20 kg/cm , and cylindrical 
barrel temperature is 150 to 260 * C, preferably 
170 to 190 * C. Suitably, a temperature gradient is 
provided in the two-shaft extruder from the inlet to 
the outlet. 5 

The heated fused material obtained in this way 
is fed through the branch tubes and coupling tubes 
without being cooled in the barrel die. The branch 
tubes and coupling tubes are comparatively long 
as noted above. Therefore, while raw material of w 
fish and shellfish, having been thermally processed 
in advance to reduce the water content and reduce 
the viscosity, is discharged intermittently from the 
outlet of the barrel die even if it has a high water 
content and a low viscosity, as it is retained in the 75 
branch tubes and coupling tubes the intermittence 
is lost and the material is fed at a constant rate to 
feed pumps 71 to 74. In this way, the heated fused 
material is fed to cooling zones 8 and 9 at a 
ratedetermined by the revolving rate of the feed 20 
pumps. The heated fused material is gradually 
cooled down only after it entres cooling zones 8 
and 9 having a length of 3 to 7 m, for instance. The 
material is cooled such as to provide a temperature 
gradient of 0.05 to 0.35 ° C/crh and down to 60 to 25 
110 C,;,and a rod-like product as shown in Fig. 6 
is obtained as final neriseihin 50 of fish and shell- 
fish- 

Neriseihin 50 shown in Fig. 6 is rod-fike and 
has a circular sectional profile. Its surface 52 is 30 
smooth, and in its structure as shown in Fig. 7 
innumerable filaments 51 with diameter ranging 
from the order of microns to the order ot millime- 
ters, usually less than 1.0 mm, are coupled to- 
gether. Individual filaments 51 are aligned with re- 35 
spect to one direction, typically the length direction 
(parallel to the axis). 

Thus, holding some filaments 51 when eating 
the product, the product is teared apart as shown 
in Fig. 7. The product thus can be freely teared 40 
apart in the length direction at a desired position 
-when™ eating~itr~Neriseihirn50 need not have a" 
circular sectional profile, but may be oval or an- 
gular, such as triangular, tetrangular, polygonal, or 
hollow as well. In this neriseihin 50 individual fila- 45 
ments 51 are aligned with respect to the direction 
of extrusion of two-shaft extruder 50, i.e., length 
direction, and individual filaments 51 are coupled 
together to such an extent that they are not de- 
coupled even when it is charged into and agitated 50 
in water. More specifically, since fish and shellfish 
material mainly consists of pieces preliminarily set 
by heating, it has low water content, and the heat- 
ed fused material obtained after kneeding and 
heating in the two-shaft extruder has retained char- 55 
acter of the pieces and has high viscosity. Thus, its 
components tend to be aligned with respect to the 
direction of movement of material and not substanti 



ally with respect to other directions whie the ma- 
terial is gradually cooled in the cooling zones. 
When the material is solidified by cooling while 
holding the above tendency, individual filaments 
are continuous as long filaments in the length di- 
rection, and in this state they are coupled together 
when they are solidified. 

When manufacturing a fibrous neriseihin, in 
. which fibrous filaments consisting of protein and 
like components coupled together are orientated 
radially, particularly radially obliquely, toward the 
axis, raw material of fish and shellfish is processed 
in the apparatus as shown in Figs 2 to 5 while it is 
in the state of sol. The heating condition in the two- 
shaft extruder and cooling condition in the cooling 
zones are varied to provide for slightly lower pres- 
sure, whereby the product can be readily manuac- 
tured. 

As raw materia of fish and shellfish, like the 
above case, surimi or minched meat is used as 
main material, and also like the above as auxiliary 
material are used livestock fat, paste meat, starch, 
gluten, beam protein and other coupling agents, as 
well as seasoning agent, coloring agent and other 
ordinary additives. In this case, salt-free surimi or 
minched meat may be prepared without adding 
any salt. While surimi or minched meat may be 
prepared as in the prior art as noted before, it is 
directly used as raw material of fish and shellfish in 
the state of sol containing with a water content of 
70 parts or above for processing in the apparatus 
as shown in Figs. 2 to 5. By so doing, neriseihin 60 
of fish and shellfish having a structure as shown in 
Fig. 9 can be obtained. The product has radially 
obliquely orientated filaments 91, and its structure 
resembles crab pawl meat. 

Generally, if material has high water content 
and low viscosity when it is processed using a two- 
shaft extruder, the extrusion moldability is spoiled, 
and required energy for molding is extremely in- 
cre ased due to hi g h water co ntent For. this reason, 
the material in the state of sol is desirably gelated 
in advance by heating to reduce the water content 
and viscosity before processing. According to the 
invention, however, cooling zones 8 and 9 capable 
of cooling over the entire length are provided via 
feed pumps 71 to 74 as shown in Figs. 2 to 5, and 
thus the material can be processed while it is in the 
state of sol to obtain a neriseihin having a structure 
as shown in Fig. 9. More specifically, with a high 
water content, high viscosity material, sufficient flu- 
idity of protein and other compounds can be ob- 
tained, and filaments formed as a result of cooling 
and solidification from the outer periphery are sub- 
jected to a shearing action and radially orientated 
to form the structure. If the water content is less 
than 70 parts, the fluidity is spoiled, and filaments 
fgrmed_ by_cooling_are^ not-ori- entated- radially- In — 
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the case of salt-containing surimi and minched 
meat, even with appearance of salt-soluble protein 
the viscosity remains iow because of high water 
content With salt-free surimi or minched meat, 
substantially no salt-soluble protein appears, and 
the viscosity is low, thus permitting satisfactory 
fluidity of protein or the like to be ensured. 

When using raw material of fish and shellfish in 
the state of sol, by setting a slightly higher tem- 
perature heating condition of two-shaft extruder, 
particularly 10 to 20 * C higher than the condition 
for obtaining the structure shown in Fig. 9 and 
correspondingly controlling the cooling condition of 
the cooling zones, a neriseihin having a structure 
as shown in Fig. 7 can be obtained. 

In either case, the product obtained from the 
cooling zones need not have a circular sectional 
profile but may have any other suitable shape as 
well. 



It was seen that the product could be teared over 
the entire length in the direction of filament align- 
ment without being broken at a!!. 

To 50 parts of Alaska pollack surimi obtained in 

5 the . above way were added 30 parts of pig meat, 
10 parts of water and 2.6 parts of salt as well as 
flavoring agent, seasoning agent and coloring 
agent, and the resultant material was kneeded with 
a silent cutter to obtain a sol. Subsequently, the sol 

10 was boiled at 90° C for 60 minutes to obtain a gel, 
which was then processed with a chopper into 
pieces with a diameter of 5 mm. These pieces 
were processed as raw material with the apparatus 
shown in Fig. 2 under the same conditions as 

15 above, thus obtaining a system having a structure 
as shown in Fig. 2. This product was cut to a 
suitable length, then packed and sterilized to ob- 
tatin a novel sausage as shown in Fig. 8, with 
individual filaments capable of being teared in the 

20 longitudinal direction. 



Example 1 

Edible part of Alaska pollack was extracted, 
exposed to water and the dehydrated. To this ma- 
terial was added 5 wt. parts of sorbit and 0.2 wt. 
part of phosphate, and the resultant material was 
cut and kneeded. To this material were added 3 wt. 
parts of salt and 3 wt. parts of starch, and the 
resultant material was sufficiently kneeded wiith a 
silent cutter. The resultant material, whiich was in 
the form of sol, was used as raw material and 
charged into the two-shaft extruder of the appara- 
tus shown in Fig. 2 for processing under the follow- 
ing conditions to obtain a rod-like neriseihin (with a 
diamater of around 18 mm). 

The rate of supply of material to the two-shaft 
extruder was 60 kg,h, revolving rate of two-shaft 
extruder screw shafts was 170 to 200 rpm, two- 
shaft extruder cylindrical barrel temperature was 
170-l_C_at_an_intermedjate_position_and_200 °C at 
the outlet, and the dimensions of the cooling zones 
were 18 mm (inner diameter) by 4 mm (length). 

Stable supply and flow of material and smooth 
operation could be obtained by controlling the re- 
volving rate of gear pumps as feed pumps. The 
material was perfectly fused and kneeded- in the 
two-shaft extruder, and the heated fused material 
was cooled down to 170°C as it passed through 
the branch tubes and then cooled down to 95 ° C 
in the cooling zones. The temperature gradient at 
the time of cooling was 0.255 * C/cm. 

The rod-like neriseihin which was obtained had. 
a slippery skin. The product had a fibrous structure 
as shown in the sectional view of Fig. 7, with 
individual filaments alinged to be parallel to the 
axis. The product had excellent taste and touch to 
the mouth. It was partly teared as shown in Fig. 7. 



Example 2 

25 Instead of Alaska pollack, edible part of krill 

. belonging to mollusc and cuctus belonging to 
Crustacea was exposed to water, dehydrated, 
kneeded and cut to obtain surimi. To this surimi 
was added salt and starch as in Example 1, and 

30 the resultant mixture was heated into a gel and cut 
with a chopper into pieces with a diameter of 2.0 
mm. 

These pieces were processed with the appara- 
tus shown in Fig. 2 under the same conditions as 
35 in Example 1 to obtain a neriseihin having a struc- 
ture as shown in Fig. 7. 



40 



Example 3 



Edib le p art of Alaska pol lack w as extracted 
and, as in Example 1 , was exposed to water and 
dehydrated. To this material were added 5 parts of 
sorbit and 0.2 part of phosphate. The resultant 

45 mixture was cut to obtain surimi; To this surimi 
were added 3 wt. parts of salt and 3 parts of 
starch. The resultant mixture was kneeded with a 
silent cutter to obtain a sol. This sol contained 73 
wt. % of water, and it was supplied to the two-shaft 

so extruder of the apparatus shown in Fig. 2 for pro- 
cessing under conditions of a material feed rage of 
35 kg/h, a screw shaft revolving rate of 175 rpm, 
cylindrical barrel intermediate temperature of 170 
° C and a barrel outlet temperature of 220 *C. In 

55 the cooling zones, the material was cooled with a 
temperature gradient of 0.325 * C/cm down to 
95* C. 

As a result, a rod-like neriseihin as shown in 
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Fig. 6 coutd be obtained. This neriseihin, like that 
in Exam pie 1, had a thin slippery skin, and in its 
sectional profile individual filaments were radially 
obliquely orientated. This neriseihin was teared by 
holding a portion, and at this time filaments were s 
teared in the direction of their orientation, i.e., a 
radially oblique direction. 

The surimi obtained in the above way was 
kneeded without addition of any salt but together 
with only 3, parts of starch into a sol, which was io 
then processed in the same way as above to obtain 
a neriseihin, having a similar structure. 



Example 4 



75 



Surtmis of krills and cuctus in Example 2 were 
converted to sol with and without addition of 3 
parts of salt, and these sols were similarly pro- 
cessed to obtain neriseihins as shown in Fig. 9, in 20 
same condition as shown in Example 2, except the 
condition, such as barrel intermediate temperature 
equal to 165* C and barrel leading end temperature 
equal to 200 ° C. 

25 

Claims 

1. A method of manufacturing a fibrous 
neriseihin of fish and shellfish comprising steps of ; 30 
feeding a raw material mainly consisting of fish and 
shellfish into an inlet of a twin screw extruder 
having an outlet connected to a long cooling zone; 
kneeding 1 pressurizing and thermally fusing said 

raw material in said extruder, resulting in a ther- 35 
rnally fused material; 

extruding said thermally fused material from the 
outlet of said extruder into said long cooling zone 
after tentatively collecting and retaining said ma- 
terial for a moment at an area adjacent to said 40 
outlet of said extruder; 

""and gradually cooling said thermallyTu^^Tnatefial 
in said cooling zone over the entire length thereof, 
thus obtaining a fibrous structure with said fish and 
shellfish component aligned into filaments extend- 45 
ing in one direction. 

2. The method according to claim 1, wherein 
said thermally fused material is extruded into said 
cooling zone after holding its temperature at 150 or 

260 * C at the outlet of said extruder and is cooled so 
in said cooling zone to 60 to 110 C with a 
temperature gradient of 0.05 to 0.35 * C/cm pro- 
vided in the length direction of said cooling zone. 

3. The method according to claim 1, wherein 

said raw material remains in a state of sol. 55 

4. The method according to claim 1, wherein 
said raw material is changed from a state of sol to 
a state of gel. 



5. The method according to claim 1, wherein 
said raw. material consists of a salt-containing sur- 
imi obtained by kneeding edible part of fish and 
shellfish with salt and, if desired, a seasoning agent 
other additives. 

6. The method according to claim 1, wherein 
said raw material consists of a salt-free surimi 
obtained by kneeding edible part of fish and shell- 
fish without addition of any salt and, if desired, a 
seasoning agent and other additives excluding salt. 

.7- An apparatus for manufacturing a fibrous 
neriseihin of fish and shellfish comprising: 
a twin screw extruder including two screws rotated 
in same direction for kneeding, pressurizing and 
thermaly fusing a raw materrial consisting mainly of 
fish and shellfish material as the raw material is 
forcibly fed by said screws and extruding the ther- 
mally fused material from an outlet of said ex- 
truder; 

a plurality of branch tubes having inlets recpec- 
tively connected to the outlet of said extruder for 
tentatively collecting and retaining said thermally 
fused material for a moment; 

feed pumps having inlets respectively connected to 
the outlet of each said branch tube for feeding at a 
constant rate the materialfrom said extruder while 
holding a heated fused material in the thermally 
fused state; and 

cooling zones having inlets respectively connected 
to the outlet of each said feed pump for gradually 
cooling the material continuously fed from each 
said feed pump in the thermally fused state from 
the outer periphery of the material. 

8. The apparatus according to claim 7, wherein 
said branch tubes are constituted by a single long 
coupling tube connecting the outlet of said extruder 
and the inlet of said cooling zones. 

9. The apparatus according to claim 7, wherein 
said feed pumps consist of volume type gear 
pumps. 

10. The apparatus according to claim 7, 
"wherein a* plurality of feed pumps are provided 

between said branch tubes and said cooling zones. 

11. The apparatus according to claim 7, 
wherein each said cooling zone is cylindrical in 
shape and has an outer annular cooling water pas- 
sage. 

12. The apparatus according to claim 7, 
wherein each said coolin zone has a length of 3 to 
7 m. 
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